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The current study quantifies changes in AGB of living trees over a 34-year period (1982-117 2016) using ten permanent plots located across a topographically complex subalpine forest 118 landscape. This research addresses the following questions: 1. How does stand-level biomass 119 vary across a range of stand ages and topographic settings? 2. How have stand-level and 120 species-specific biomass changes from 1982 to 2016 been influenced by successional processes?
METHODS
122 Study Area
123
Research was conducted at Niwot Ridge and nearby sites located in the Roosevelt 124 National Forest and the City of Boulder Watershed properties on the eastern slope of the 125 Colorado Front Range (40°3′20" N, 105°35′ 22" W; Fig. 1 ). This area is characterized by a steep 126 elevational gradient and thus a wide range of climatic conditions. Dominant tree species on D r a f t 7 139 September ( C-1 Climate Data; Kittel et al. 2015) . Thus, since the mid-20 th century the climate 140 of the study area has become warmer and drier during the summer growing season.
141
Between 1982 and 1986, ten large permanent forest inventory plots were installed across 142 a range of subalpine stand types and topographic positions (Fig.1) . Plots were established with 143 the intent of including a wide range of stand ages and positions across elevation and topographic-144 moisture gradients (sensu Peet 1981) while avoiding areas that had been logged (Veblen 1986 177 To calculate basal area increment and biomass of living trees, dbh of all live trees > 4 cm dbh 178 were measured in 2016. This included stems that grew from seedlings or saplings into the tree 179 size class and the diameter growth of trees tagged and measured at the dates of initial plot 180 installation (Table 1 ). In addition to measuring dbh of all trees, in each plot we also measured 181 height using a laser rangefinder for a subset of 25 to 88 trees (> 20 trees per species) stratified 182 across the full range of tree diameters for the one to four tree species present within each plot. Table S3 ). Biomass estimates in 2016 accounted for 207 recruitment of trees into the > 4 cm dbh tree size class, growth of previously surveyed trees, and D r a f t 10 208 loss of trees due to tree mortality. For all species, allometric equations were used to first estimate 209 the biomass of the stemwood, bark, foliage, and branch components from dbh and height and 210 then summed to obtain total biomass (Supplement Table S1 ). Due to the low numbers of quaking 211 aspen, the biomass is not reported. The uncertainty of biomass estimation due to errors in the 212 biomass equations and due to height allometry was quantified using a Monte Carlo approach Table S5 ). Supplement Table S3 ).
279
The two older spruce-fir stands lacking any pines (MRS5 and BL6) had similar size class 280 distributions to one another, indicating a continuous pattern of recruitment into all size classes 281 ( Fig. 4c ). However, total AGB of the hydric site MRS5 increased whereas that of BL6 declined 282 ( Fig. 3 ). There was a substantial decline in the abundance and biomass of subalpine fir in BL6 as 283 compared to increases in MRS5 ( Fig. 4c ; Supplement Table S3 ).
284

DISCUSSION 285 286 Site and stand-level variability of biomass across the subalpine forest zone
287
In the current study, the observed patterns strongly suggest that stand-level AGB in 288 subalpine forests in the CFR varied by stand age and site moisture classification, although the 289 small sample sizes precluded demonstration of statistically robust patterns. Given that AGB 290 ranged from 165 to 214 Mg/ha in the four young postfire stands and that the only stand to attain 291 AGB > 300 Mg/ha is older than 270 years, attainment of high biomass requires greater stand age.
292 Variability in site moisture classification associated with topographic setting also strongly 293 influenced stand biomass. Among the six older stands, the highest AGB occurred at a mesic site 294 whereas lower AGB was associated with xeric and hydric moisture status. Despite a small 295 number of observations, the two-way ANOVA indicated nearly significant relationships of AGB 296 with stand age and site moisture status (p = 0.047). Mesic and old stands have higher median 297 AGB with a stronger relationship for site moisture classification compared to stand age. In The variability in AGB found in the current study for stands in different topographic 302 settings is consistent with large differences in tree basal areas previously reported for different 303 community types associated with elevation and topographic-moisture gradients in subalpine 
